What is already known about this subject?
Introduction
Recent estimates suggest that 35% of adults in the United States are obese (1) . Excess body weight is a risk factor for numerous conditions, including hypertension, dyslipidaemia, type 2 diabetes, coronary artery disease, stroke, gallbladder disease, osteoarthritis, sleep apnoea and some cancers. Even modest weight loss (as little as 5%) in obese and overweight individuals has been shown to improve cardiometabolic risk profiles (2) . Lifestyle modification has long been the cornerstone of weight control (3); however, many individuals are not able to achieve or maintain weight loss with diet and exercise alone. Thus, several pharmacotherapies have been developed as adjuncts to lifestyle modification for chronic weight management.
Naltrexone/bupropion extended release (NB) was developed based on pre-clinical evidence that its components act in the hypothalamic melanocortin and reward systems to reduce food intake, resulting in weight loss (4) . Pre-clinical evidence suggests that bupropion stimulates hypothalamic pro-opiomelanocortin (POMC) neurons, with downstream effects that modulate food intake and energy expenditure (5) . Naltrexone blocks opioid receptor-mediated hypothalamic pro-opiomelanocortin POMC autoinhibition, which further augments POMC firing. In early studies, bupropion and naltrexone synergistically reduced food intake in obese mice when compared to naltrexone or bupropion monotherapy (6) . A proof-of-concept study in obese people also showed that the combination produced a greater reduction in body weight than either agent as monotherapy (7) .
The efficacy and safety of NB as an adjunct to a reducedcalorie diet and increased physical activity in adults with an initial body mass index (BMI) of ≥30 (obese) or ≥27 kg m −2 (overweight) in the presence of ≥1 weight-related comorbidity (e.g. hypertension, type 2 diabetes and dyslipidaemia) were evaluated in four phase 3 clinical studies (8) (9) (10) (11) . After 56 weeks, subjects randomized to receive NB lost significantly more weight on average (5.0-9.3%) compared with subjects receiving the placebo (PBO) (1.2-5.1%) (8) (9) (10) (11) . NB-treated subjects were also significantly more likely than PBO-treated subjects to achieve at least 5% weight loss from baseline to week 56 (45-51% vs. 16-19% In all four studies, nausea was reported in significantly higher proportions of subjects randomized to receive NB (29.2-42.3%) vs. PBO (5.3-10.5%) (8) (9) (10) (11) . Here, we characterize the adverse event (AE) of nausea and evaluate its relationship to weight loss using a pooled analysis of the three Contrave Obesity Research (COR) studies that enrolled subjects without diabetes: COR-I, COR-II and COR-behavior modification (BMOD).
Materials and methods

Study design
This was a pooled analysis of three phase 3, 56-week, randomized, PBO-controlled studies conducted in the United States (8, 9, 11) ; the designs of these studies are summarized in Table 1 . All three studies enrolled adults aged 18-65 years without diabetes who had a BMI of 30-45 kg m −2 or a BMI of 27-45 kg m −2 with dyslipidaemia or hypertension. The co-primary efficacy endpoints were percentage change in body weight from baseline and the proportion of participants who achieved a decrease in body weight of ≥5% at week 28 (COR-II) or week 56 (COR-I and COR-BMOD). The COR-Diabetes study (10) was not included in the analysis because nearly 80% of study subjects were concomitantly taking metformin, a medication for diabetes that is itself associated with nausea (12) . Detailed descriptions of the studies and results have been published elsewhere (8, 9, 11) . Following screening, participants in the trial were randomized to receive 32 mg day −1 naltrexone SR and 360 mg day −1 bupropion SR (NB32) or a matching PBO, administered in divided doses, twice daily. In all trials, the study drug was escalated weekly over the first 4 weeks: one tablet in the morning during week 1, two tablets in week 2 (one morning and one evening), three tablets in week 3 (two morning and one evening) and the full dose in week 4 (two morning and two evening). In the pooled analysis, subjects from COR-I and COR-BMOD studies were randomized to NB32 or PBO for 56 weeks. Among subjects from COR-II, 251 subjects receiving NB32 who failed to achieve or maintain at least ≥5% body weight loss from baseline were re-randomized (beginning at weeks 28 and 44 inclusive) to continue NB32 (128 subjects) or receive a higher dose of naltrexone SR, NB48 (123 subjects).
Outcomes of interest for this analysis were baseline characteristics; subject disposition; percentage change in body weight from baseline (overall and by week); proportion of subjects meeting 5, 10 and 15% weight loss thresholds; nausea incidence and intensity (mild, moderate or severe) overall and by week, as collected from adverse reports; weight loss by report of nausea and nausea intensity; duration of nausea by nausea intensity; weight loss by duration of nausea; discontinuations due to nausea or other AEs (overall and by week); and incidence of the most common AEs. AEs, including nausea, were reported spontaneously and recorded at each study visit. Within each treatment arm, outcomes of interest were determined for total subjects, subjects reporting nausea and subjects not reporting nausea.
Statistical analyses
Analyses of disposition, baseline characteristics and safetyrelated endpoints were based on the safety population, clinical obesity 6, 305-312 which consisted of subjects who received ≥1 dose of the study drug. Efficacy analyses were based on the modified intent-to-treat (mITT) population, which included all randomized participants with a baseline and ≥1 post-baseline weight assessment on the study drug. Missing post-baseline efficacy data were imputed using the last observation carried forward. Baseline characteristics, incidence and intensity of nausea, duration of nausea and discontinuations because of nausea or other AEs were summarized descriptively.
Group differences (i.e. nausea vs. no-nausea subgroups within each treatment arm) for disposition were analysed using a Chi-square test. Differences in percentage change from baseline in body weight were evaluated using an analysis of covariance model, with factors for study, nausea status (yes/no) and baseline body weight as the covariate; for percentages of subjects achieving each weight loss threshold, group differences were evaluated using a logistic regression model, with factors for study, nausea status (yes/no) and baseline body weight as a covariate. Statistical significance was defined by P-values of <0.05.
Results
Subject demographics
The safety population included 2149 and 1261 subjects in the NB and PBO arms, respectively. In the NB arm, 30.7% of subjects reported nausea vs. 6.7% of subjects in the PBO arm. Demographic and baseline clinical characteristics were generally similar for subjects reporting nausea and not reporting nausea, although some imbalances in gender, weight and height were noted (Table 2 ). In both treatment arms, subjects reporting nausea were significantly more likely to be female than those not reporting nausea. Among the 660 subjects in the NB arm that reported nausea, 92.7% were female; among the 1489 subjects in the NB arm that did not report nausea, 82.9% were female (P < 0.001). Among the 85 subjects in the PBO arm that reported nausea, 94.1% were female; among the 1176 subjects that did not report nausea, 85.5% were female; P < 0.026).
Subject disposition
In the NB arm, fewer subjects reporting nausea completed the study compared with subjects not reporting nausea (48% vs. 58%; P < 0.001), whereas in the PBO arm, similar proportions of subjects reporting and not reporting nausea completed the study (60% vs. 53%; P = 0.215).
In both the NB and PBO arms, more subjects reporting nausea vs. not reporting nausea discontinued because of an AE (P < 0.001 for both comparisons). However, significantly more NB subjects not reporting nausea withdrew consent or were lost to follow-up compared with those who did report nausea; significantly more PBO subjects not clinical obesity reporting nausea withdrew consent or withdrew for other reasons vs. those who did report nausea (Table 3 ). In the NB arm, 5.7% of subjects discontinued because of nausea, and 17.7% discontinued because of other AEs compared with 0.2 and 11.6% of subjects, respectively, who discontinued in the PBO arm.
Weight loss
The mITT population, which was used for efficacy assessments, included 1778 and 1160 subjects in the NB and PBO arms, respectively. Beginning at the earliest post-baseline assessment (week 4), subjects receiving NB Includes drug non-compliance, insufficient weight loss, other primary reason not listed, protocol non-compliance, subject became pregnant, enrolled but did not meet selection criteria or death. NB, naltrexone/bupropion extended release; PBO, placebo.
clinical obesity 6, 305-312 lost more weight than subjects receiving PBO, irrespective of reported nausea (P < 0.001 at all assessments for comparisons between NB and PBO subjects not reporting nausea and between NB and PBO subjects reporting nausea; Fig. 1 ). Weight change was not significantly different within the NB treatment arm between subjects reporting and not reporting nausea at any treatment time point. In the NB arm, least squares (LS) mean (SE) percentage decrease in body weight was 7.3 (0.3) in subjects reporting nausea and 7.5 (0.2) in subjects not reporting nausea after 56 weeks (P = 0.562). The percentage decreases in body weight were similar between PBO subjects reporting and not reporting nausea at all time points; at week 56, LS mean (SE) percentage decreases were 3.0 (0.55) in subjects reporting nausea and 2.7 (0.2) in subjects not reporting nausea (P = 0.663).
In both the NB and the PBO arms, there were no significant differences between subjects who reported nausea and those who did not report nausea with respect to the proportion of subjects who achieved any of the weight loss thresholds (5, 10 or 15%; Fig. 2 ).
Nausea intensity and onset
The severity of nausea was mild to moderate in 95% and 99% of cases in the NB and PBO arms, respectively. LS mean (SE) percentage reductions in body weight at week 56 were similar between subjects reporting mild vs. moderate nausea in both the NB [8.0 (0.4) vs. 6.6 (0.6); P = 0.062] and PBO [3.5 (0.7) vs. 2.7 (1.8); P = 0.515] arms. In the NB arm, 9% of subjects reported onset of nausea during week 1 (Fig. 3a) . Beyond week 6, onset of nausea was reported in <1% of subjects receiving NB. Nausea was rarely reported in the PBO arm, but, similar to the NB arm, onset was most common during the early dose escalation period (Fig. 3b) . Figure 1 LS mean percentage change in body weight over time in subjects receiving NB and PBO who reported or did not report nausea (mITT population). LS, least squares; mITT, modified intent-to-treat; NB, naltrexone/ bupropion extended release; PBO, placebo.
*
Subjects completing the 56-week studies (NB nausea group, n = 296; NB no-nausea group, n = 839; PBO nausea group, n = 50; PBO no-nausea group, n = 613). Data point for NB no-nausea group is obscured by NB nausea group. Figure 2 Proportions of subjects achieving weight loss thresholds of ≥5, ≥10 and ≥15% at week 56 in subjects receiving NB and PBO who reported or did not report nausea (mITT population). mITT, modified intent-to-treat; NB, naltrexone/bupropion extended release; PBO, placebo.
clinical obesity 6, 305-312 clinical obesity
Duration of nausea
In subjects receiving NB, the median duration of mild, moderate and severe nausea was 14, 9 and 13 days, respectively. Corresponding values for subjects in the PBO arm were 8, 4 and 33 days, respectively (one subject in the PBO arm reported severe nausea). LS mean (SE) percentage reductions in body weight at week 56 were similar between subjects with a duration of nausea <10 days vs. ≥10 days in both the NB [7.0 (0.6) vs. 7.6 (0.4); P = 0.367] and PBO [2.9 (0.9) vs. 3.4 (0.9); P = 0.674] arms. Only 10.3% of subjects treated with NB and 3.3% of subjects receiving PBO reported new or ongoing nausea beyond week 4.
Adverse events
In the NB and PBO arms, 87.2 and 74.1% of subjects reported an AE, respectively ( Table 4 ). The AE profile of NB was consistent with previous reports (8, 9, 11) . Nausea was the most frequently reported AE in the NB arm (30.7% vs. PBO, 6.7%). Subjects receiving both NB and PBO who reported nausea were more likely to report vomiting than those who did not report nausea (Table 4 ). In the NB arm, there were 124 events of vomiting in 660 subjects who reported nausea vs. 50 events in 1489 subjects who did not report nausea. In the PBO arm, there were 12 events of vomiting in 85 subjects who reported nausea vs. 13 events in 1176 subjects who did not report nausea. Most vomiting events were mild or moderate in severity. Severe vomiting events affected <1% of subjects in either nausea subgroup of either treatment arm. Subjects who reported nausea were also more likely to report headache, dizziness and diarrhoea than those who did not report nausea in both the NB and PBO arms. clinical obesity 6, 305-312
Discussion
In pivotal studies, treatment with NB was associated with statistically significant weight loss compared with PBO (8) (9) (10) (11) . Nausea was the most common AE in subjects receiving NB and was also the most frequently reported AE leading to withdrawal (8) (9) (10) (11) . This pooled analysis of the COR-I, COR-II and COR-BMOD studies aimed to characterize the incidence, intensity and time course of nausea and, most importantly, to determine the potential role of nausea in weight loss among subjects receiving NB and PBO. The strengths of the analysis were the inclusion of >3400 subjects and the use of spontaneous AE reporting.
The analysis yielded several key findings. Although subjects receiving NB lost more weight and were more likely to report nausea than those receiving PBO, weight loss was independent of nausea. Specifically, weight change was not significantly different between subjects reporting and not reporting nausea at any treatment time point within either treatment arm. There was also no significant difference in the proportions of subjects in both the reporting nausea and not reporting nausea groups achieving the weight loss thresholds of 5, 10 or 15%. Among the subjects who reported nausea, neither the intensity (mild vs. moderate) nor the duration (<10 vs. ≥10 days) of nausea significantly influenced weight loss in either treatment arm. Subjects receiving NB and PBO who reported nausea were more likely to discontinue because of an AE than those not reporting nausea. However, discontinuations due to nausea were less common than discontinuations due to other AEs.
Nausea is a known side effect of naltrexone (13) and likely results the from local effects of naltrexone on opioid signalling in the gastrointestinal tract (4) . In clinical studies of bupropion, nausea was also reported in higher proportions of subjects taking bupropion vs. PBO (14, 15) . This pooled analysis indicates that nausea was nearly always mild or moderate in intensity and that the onset of nausea was generally limited to the dose escalation period in subjects receiving either NB or PBO. Nausea was generally either self-limiting or manageable using standard or other therapies as deemed appropriate by the investigator.
The results of this pooled analysis contrast with those of Lean and co-workers, who found in a phase 2 study of liraglutide that patients receiving liraglutide who reported nausea had more weight loss than those who did not report nausea (16) . The study was conducted in different countries, and there were notable geographic variations in the reporting rates of nausea, which the authors attributed to possible differences in the way investigators enquired about and reported AEs in different centres and countries. Furthermore, subjects in the study were informed of the potential gastrointestinal side effects of liraglutide, which may have resulted in over-reporting of these side effects during open-label treatment. Differences in the liraglutide study and the studies included in this analysis may account for the disparate findings. First, the data analysed here were pooled from studies conducted entirely within the United States; therefore, there were no language issues. Secondly, all patients, whether they received the active drug or PBO, received the same instructions regarding potential AEs.
The three studies included in this analysis required that the escalation to the final dose of NB occur according to specific 4-or 5-week protocols. Similarly, both the United States and European Union labelling recommend that the titration of NB dose occur over a 4-week period following the initiation of treatment (14, 17) . Although there are no data from randomized clinical studies supporting a slower dose escalation as a means of limiting nausea, the clinical experience of the physician authors suggests that slowing the dose escalation (e.g. maintaining once daily dosing through week 2) might be an option for improving tolerability. If symptoms persisted, use of simethicone or bismuth clinical obesity subsalicylate before taking study medication have been helpful (8, 9, 11) . Based on clinical experience, the physician authors recommend that patients be reminded to consume adequate fluids and avoid excess caffeine consumption to prevent dehydration during NB initiation. It should be noted that one of the studies (9) also used a lower dose of 16 mg naltrexone/360 bupropion (data for this dose were not included in this analysis). In that study, the incidence of nausea was similar in subjects who received 16 or 32 mg naltrexone, although weight loss was less in subjects who received the 16-mg than the 32-mg dose (9).
In conclusion, nausea is the most frequently reported AE in subjects treated with NB. However, nausea did not appear to contribute to weight loss in either NB-or PBO-treated subjects. Nausea lasting 1-2 weeks can be expected to occur in approximately one in three subjects during the initiation of NB therapy; however, it is almost always mild to moderate in severity and is transient in most subjects. Clinicians should discuss the potential for nausea with patients prior to initiation of NB therapy, and may suggest a variety of approaches that may help patients manage nausea and adhere to therapy.
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